We study the semi-leptonic and non-leptonic B weak decays which are governed by the B → D ( * ) transitions. The branching ratios, CP asymmetries (CPA) and polarization fractions (FA) of non-leptonic decays are investigated in the factorization approximation. The B → D ( * ) form factors are estimated in the Salpeter method. Our estimation on branching ratios generally agree with the existent experimental data. For CPA and polarizations, comparisons among the FA results, the perturbative QCD predictions and experimental data are made. FA has not been justified if it still works in the CP asymmetry. Besides, the non-factorizable contributions to CPA, calculated by some approaches beyond the FA, such as QCD factorization (QCDF) [10] and perturbative QCD (pQCD) [11, 12] , is still unclear. Actually the QCDF and the pQCD predictions on CPA are quite different even have opposite sign [13] . So, it seems important to make a comparison between the theoretical predictions and experimental data on CPA. The polarization of the decays to two (axial) vectors is another important observable which is also covered in this letter.
B → D ( * ) X decays. Till now, several works on estimating B → D ( * ) form factors have been done including constituent quark model (CQM) [4] , QCD sum rules (QCDSR) [5] and heavy quark symmetry (HQS) [6, 7, 8] . In this work, we study B → D ( * ) precesses with the Salpeter method (instantaneous Bethe-Salpeter method [9] ).
FA has not been justified if it still works in the CP asymmetry. Besides, the non-factorizable contributions to CPA, calculated by some approaches beyond the FA, such as QCD factorization (QCDF) [10] and perturbative QCD (pQCD) [11, 12] , is still unclear. Actually the QCDF and the pQCD predictions on CPA are quite different even have opposite sign [13] . So, it seems important to make a comparison between the theoretical predictions and experimental data on CPA. The polarization of the decays to two (axial) vectors is another important observable which is also covered in this letter.
The wave functions used here which have quantum numbers J P = 0 − (for B 0(±) and D 0(±) ) and 1 − (for D * 0(±) ) are written as [14] ϕ 0 − (q P ⊥ ) = M P M a 1 (q P ⊥ ) + a 2 (q P ⊥ ) + q P ⊥ M a 3 (q P ⊥ ) + P q P ⊥ M 2 a 4 (q P ⊥ ) γ 5 ,
where a i (q P ⊥ ) and b i (q P ⊥ ) are functions of q 2 P ⊥ ; M is the mass of the corresponding meson; ǫ λ is the polarization vector.
where A = D ( * ) |cΓ µ b|B X|qΓ µ p|0 , λ p ≡ V pb V * pq and V pq is the CKM matrix element with p = u, c and q = d, s. a i are the combinations of Wilson coefficients C i (µ):
Nc with N c = 3. In the amplitudes, a 1 term corresponds to the contribution from the color-favored tree diagram, a 
dx, where k is the penguin momentum transfer. We take it to be
as did in Ref. [18] . The ξ in Eq. (3) arises from the right-handed currents and depends on the J P of the final state particles. The collected expressions of ξ are shown as follows:
and 0 for others, where X denotes a D q (q = s, d) meson with its J P shown in the bracket. The current quark masses encountered in G(m p , k 2 ) and ξ are taken from Ref. [19] and then evolved to the scale µ ∼ m b by the renormalization group equation of the running quark masses.
The amplitudes for double charmed B decays considered here can be written as M =
Then the direct CP asymmetry can be written as
and the strong phase δ = arg(T 2 )−arg(T 1 ). ǫ 1 = +1 for q = s, and ǫ 2 = −1 for q = d, respectively. For numerical calculations, we need the values of following input parameters: The Wilson coefficients at the scale µ ∼ m b and coupling constants are quoted from Ref. [20] , and the others like CKM matrix elements and life times of mesons are taken from PDG [19] .
The decay constants used are shown in Table 1 , α s (m b ) = 0.216.
The estimated branching ratios of B → D ( * ) lν l decays are listed in Table 2 . The results are generally consistent with each other. Our uncertainties are obtained by varying the input parameters by ±10%. The decay rates for B → D ( * ) X are shown in Table 3 . The results from "DBGN", "NS" and "CGW" are estimated within FA or the generalized factorization approach (GFA). The B → D ( * ) X decay amplitudes discussed here evaluated within FA, GFA and QCDF have the same structure. For color-favored dominated processes, a 1 won't vary too much from method to method. Actually for the decays discussed here a 1 ∼ 1 − 1.1. So the differences among these results could reflect the differences on B → D ( * ) form factors. From Table 3 , we can see that our results are roughly consistent with those from other methods and within the error bars of experimental data.
The direct CP asymmetries are shown in Table 4 . We can see that the CPA estimated with FA are generally within the experiment errors, but are quite different from the pQCD predictions. In pQCD, the annihilation diagram contributes the leading strong phase [13] We turn to discuss the polarization fractions of B → V V (A) decays, which are defined as
where M i , M and M ⊥ are the longitudinal, transverse parallel and transverse perpendicular part of the amplitude respectively. The results are listed in Table 5 .
Our results agree well with the experimental data except the R ⊥ inB 0 → D * + D * − mode. We note that the pQCD prediction on R ⊥ ∼ 0.6 [11] inB 0 → D * + D * − are not consistent with the experimental data either. So a large R ⊥ cannot be explained by the non-factorizable effects, at least in the framework of pQCD. According to our results, for B → DL decays, the relation
In summary, within the framework of FA, we use the Salpeter method to study the decays of B → D ( * ) lν l and B → D ( * ) X. The direct CP asymmetries do not contradict the measurements. For the polarization fractions, our predictions on R L agree well with the experimental measurements, but on R ⊥ inB 0 → D * + D * − mode, the experimental data are larger than our results. 6.8 ± 0.9 
